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October 2010 
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Faculty  : Agriculture 
 
There are reports from temperate region regarding Cd accumulation in soils due to the 
application of phosphate rocks (PR) in agriculture soil. Oil palm plantations in Malaysia 
used phosphate rocks as the main source of P fertilizer since 1960s till the present time. 
There are speculations that this continuous and long-term application of phosphate rock 
may led to the accumulation of Cd in soil and then, increasing the availability of this 
element for plant uptake and thus, could enter human body via food chain. Zinc also is 
of increasing concern as this element can be found in PR as an impurity, and under 
natural condition, Zn to Cd ratio in PR is high.  
 
Therefore, this study was conducted to determine the Cd and Zn concentrations in soil 
and plant parts of three different ages (<10, >15, >20 years). To carry out this 
investigation, six soil series were collected from two well managed oil palm plantations 
(one in coastal and another in inland areas) which are of second generation of planting. 
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Jawa, Selangor and Sedu Series were selected from coastal areas, while Munchong, 
Rengam and Segamat Series were collected to represent inland areas. Fronds and 
fruitlets were also collected along with the soils (paired sampling). Correlation study 
was done to determine the relationship between Cd and Zn in soils and soil properties 
and also with Cd and Zn in the plant tissue.   
 
There was no accumulation of Cd in all soil series but Zn accumulation was observed for 
Selangor and Segamat Series. Cadmium and Zn were highest in Segamat Series 
compared with the other soil series. Fruitlets show no increase in Cd and Zn 
concentrations but Jawa and Selangor Series show increasing values of Zn concentration 
in the fronds. Cadmium exceeded the Investigation Level for Malaysian soils of 0.3 mg 
kg-1 but Zn was below the investigation level of 95 mg kg-1. Cadmium and Zn 
concentration in fruitlets were below the Maximum Permitted Concentration (MPC) of 1 
and 40 mg kg-1 for Cd and Zn, respectively, as stated in the Malaysian Food Act (1983) 
and Food Regulations (1985). Correlation study reveals that soil pH and clay content 
were the soil properties that control Cd and Zn concentration in soil. Cadmium in soil 
and soil solution most probably have contributed to the Cd concentration in fruitlet 
(edible part) whereas Cd and Zn in soil may influence the uptake of these elements by 
the oil palm tree.  
 
To verify the findings of the field study, Cd and Zn adsorption studies were carried out. 
Also, studies on pH effect on adsorption and competitive adsorption between Zn and Cd 
were conducted. This study involved all the six soil series except for adsorption 
envelope which was only done for the Segamat and Selangor Series. The highest Cd and 
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Zn accumulation in Segamat Series had been proven by the adsorption isotherm. 
Cadmium adsorption was depressed by the presence of Zn, leading to the no 
accumulation of Cd in all the soils series. Increasing soil pH in Selangor Series, with 
increase of oil palm age, led to the accumulation of Zn in this soil series. 
 
The third study (glasshouse) was conducted to determine Cd content in oil palm 
seedlings planted in soil, fertilized with PR and amended with POME cake and lime, 
which are two common soil amendment used in the plantation. Also, the study was done 
to determine whether these amendments affect Zn and P uptake by the oil palm 
seedlings.  
 
Lime added in Jawa Series tends to decrease Cd content in the root as shown by the 
decreasing exchangeable fraction concentration with the increasing rates. Meanwhile, 
POME amendment caused exchangeable and water soluble Cd fractions concentration to 
increase with the increasing rates. However, there was no influence on the Cd content in 
plant parts. Meanwhile, Zn content increased in root and leaf as exchangeable Zn 
fraction also increased between the rates, and for P, the content increased in all plant 
parts. POME and lime added to Segamat Series tend to decrease water soluble and 
organic P fractions throughout the rates.  
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Terdapat laporan dari kawasan beriklim sederhana yang menunjukkan pengumpulan Cd 
di dalam tanah berikutan penggunaan batuan fosfat (BF) pada tanah pertanian. Ladang 
kelapa sawit di Malaysia menggunakan BF sebagai sumber utama baja P sejak tahun 
1960an sehingga kini. Terdapat spekulasi bahawa penggunaan BF secara berterusan 
dalam jangka masa panjang menjadikan Cd berkumpul di dalam tanah yang boleh 
menambahkan ketersediaan elemen ini untuk diambil oleh tumbuhan dan seterusnya 
memasuki tubuh manusia menerusi rantai makanan. Kebimbangan terhadap Zn juga 
semakin meningkat berikutan kehadiran elemen ini di dalam BF sebagai bendasing dan 
pada keadaan semulajadi, nisbah Zn kepada Cd adalah tinggi.  
 
 Oleh itu, kajian ini dijalankan untuk menentukan kepekatan Cd dan Zn pada tanah dan 
bahagian pokok kelapa sawit yang mempunyai tiga umur pokok yang berbeza (<10, >15, 
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>20 tahun). Bagi mengkaji isu ini, enam siri tanah diambil dari dua ladang yang 
diuruskan secara berjadual (kawasan pinggir laut dan pedalaman) dan telah melalui 
proses tanam semula untuk kali kedua. Siri Jawa, Selangor dan Sedu dipilih dari 
kawasan pinggir laut manakala Siri Munchong, Rengam dan Segamat diambil untuk 
mewakili kawasan pedalaman. Daun dan buah kelapa sawit turut diambil bersama-sama 
tanah tersebut (persampelan berpasangan). Kajian korelasi dijalankan untuk menentukan 
hubungan antara Cd dan Zn pada tanah dengan ciri tanah, dan juga dengan kepekatan Cd 
dan Zn pada tisu tumbuhan. 
 
Tiada pengumpulan Cd pada semua siri tanah tetapi terdapat pengumpulan Zn pada Siri 
Selangor dan Segamat. Cadmium dan Zn tinggi pada Siri Segamat berbanding siri tanah 
yang lain. Buah kepala sawit tidak menunjukkan peningkatan kepekatan Cd dan Zn 
tetapi Siri Jawa dan Selangor menunjukkan peningkatan kepekatan Zn pada daun. 
Cadmium melebihi aras kajian untuk tanah Malaysia (0.3 mg kg-1) tetapi Zn berada di 
bawah aras kajian tersebut (95 mg kg-1). Kepekatan Cd dan Zn pada buah kelapa sawit 
berada di bawah tahap yang dibenarkan (MPC) (masing-masing 1 and 40 mg kg-1) 
seperti yang dinyatakan dalam Akta Makanan Malaysia (1983) dan Peraturan Makanan ( 
1985) (berdasarkan berat basah). Kajian korelasi menunjukkan pH tanah dan kandungan 
lempung merupakan ciri tanah yang mengawal kepekatan Cd dan Zn pada tanah. Besar 
kemungkinan Cd pada tanah dan air tanah menyumbang kepada kepekatan Cd pada 
buah kelapa sawit (bahagian yang dimakan) sementara itu Cd dan Zn pada tanah 
mungkin mempengaruhi pengambilan elemen ini oleh pokok kelapa sawit. 
Bagi menjelaskan keputusan kajian di ladang ini, kajian penjerapan Cd dan Zn telah 
dilakukan. Juga, kajian kesan pH terhadap penjerapan dan penjerapan kompetitif antara 
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Cd dan Zn telah dijalankan. Kajian ini melibatkan kesemua enam siri tanah melainkan 
untuk kajian kesan pH terhadap penjerapan, yang hanya melibatkan Siri Segamat dan 
Selangor. Pengumpulan dan kandungan Zn yang tinggi pada Siri Segamat telah 
dibuktikan oleh penjerapan isoterma. Penjerapan Cd telah berkurangan dengan 
kehadiran Zn yang menjadikan Cd tidak berkumpul pada semua siri tanah. pH tanah 
meningkat bersama dengan peningkatan umur pokok kelapa sawit membawa kepada 
pengumpulan Zn pada Siri Selangor.  
 
Kajian ketiga (rumah kaca) telah dijalankan untuk menentukan kandungan Cd pada anak 
benih kelapa sawit yang ditanam pada tanah yang dibaja dengan BF, ditambah dengan 
POME dan kapur yang merupakan bahan pembaikan tanah yang biasa digunakan di 
ladang. Kajian ini juga dijalankan, untuk menentukan sama ada bahan tambahan ini 
mempengaruhi pengambilan Zn dan P oleh kelapa sawit.  
 
Kapur yang ditambah pada tanah Siri Jawa menjadikan kandungan Cd pada akar 
berkurangan sebagaimana yang ditunjukkan oleh kepekatan bentuk bertukarganti yang 
berkurangan dengan bertambahnya kadar kapur. Sementara itu, penambahan POME 
menyebabkan kepekatan Cd dalam bentuk bertukarganti dan larut air meningkat dengan 
meningkatnya kadar POME. Walaubagaimanapun, kandungan Cd pada bahagian 
tumbuhan tidak dipengaruhi. Sementara itu, kandungan Zn pada akar dan daun 
meningkat sebagaimana yang ditunjukkan oleh Zn dalam bentuk bertukarganti yang 
meningkat mengikut kenaikan kadar, dan untuk P, kandungannya meningkat untuk 
semua bahagian tumbuhan. POME dan kapur yang ditambah pada Siri Segamat 
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menjadikan P dalam betuk larut air dan organik berkurangan secara keseluruhan megikut 
kadar. 
 
       
 
  
  
 
x 
 
x 
ACKNOWLEDGEMENTS 
 
Alhamdulillah, first of all I would like to express my greatest thanks and gratitude to 
Almighty Allah SWT Who has given me the strength to complete this project and made 
all things possible. Salawat and salam to His messenger, Prophet Muhammad SAW.   
 
 I am heartily thankful to my supervisor, Assoc. Prof. Dr Che Fauziah Ishak, the 
chairman of my Supervisory Committee, whose encouragement, guidance and support 
from the initial to the final level enabled me to develop an understanding of the project. I 
owe my deepest gratitude to Dr Samsuri Abd. Wahid who has made available his 
support in a number of ways.  
   
It is an honor for me to extend my heartfelt gratitude to the following persons 
who have made the completion of this project possible: En. Sarwani, En. Shahrul and 
En. Ishak from Sime Darby Berhad, Banting, Selangor, En. Sapudin, En.Ismail and En. 
Syed from FELDA (PPPTR, Sungai Tekam, Pahang) for the helping and permission to 
collect soil, fruitlet and leaves samples. En. Abidin, En. Akbar, En. Nazri and En. 
Nathan from KUASA USAHA, Bahagian Pengurusan Sumber Tanah dan Jabatan 
Pertanian Negeri Selangor, En. Aziz from Lembaga Koko, Pahang for the permission 
and guidance to locate and collect undisturbed soils. En. Azman from Golden Hope 
Agrotech. Consultancy Services Sdn. Bhd for the permission to buy oil palm seedlings. 
 
 
xi 
 
xi 
 
I am indebted to the staffs of the Department of Land Management, Faculty of 
Agriculture, UPM, especially Puan Norhashimah for the helping in the technical lab, En. 
Alias for the field work and En. Jamil for the technical analysis. Also, I would like to 
thank Puan Faridah, Puan Norizah, Puan Zarina, Puan Norasyikin, En. Vella, En. 
Mutuviren, Puan Fauziah and En. Ariffin. To my friend, Dayang and senior, Kak Lin, 
my sincere thanks for the help and co-operation during the course of my study. 
 
 
 
 
xii 
 
I certify that a Thesis Examination Committee has met on 18 October 2010 to conduct 
the final examination of Aini Azura Binti Ali on her thesis entitle “Cadmium and Zinc 
Levels in the Soils and Oil Palm Tissues from Long-Term Application of Phosphate 
Rock Fertilizers” in accordance with the Universities and University Colleges Act 1971 
and the Constitution of the Universiti Putra Malaysia [P.U.(A) 106] 15 March 1998. The 
Committee recommends that the student be awarded the Master of Science.  
 
Members of the Examination Committee were as follows: 
 
Shamsuddin Jusop, PhD 
Professor 
Faculty of Agriculture 
Universiti Putra Malaysia 
(Chairman)  
 
Aminuddin Hussin, PhD 
Associate Professor 
Faculty of Agriculture 
Universiti Putra Malaysia 
(Internal Examiner)  
 
Ahmad Ismail, PhD 
Professor 
Faculty of Science 
Universiti Putra Malaysia 
(Internal Examiner)  
 
 
 
 
 
xiii 
 
Norhayati Mohd Tahir, PhD 
Associate Professor 
Pusat Pengurusan Penyelidikan  
Universiti Malaysia Terengganu 
(External Examiner)  
 
 
 
 
 
          BUJANG KIM HUAT, PhD 
          Professor and Deputy Dean 
          School of Graduate Studies 
          Universiti Putra Malaysia 
 
          Date: 
xiv 
 
This thesis was submitted to the Senate of Universiti Putra Malaysia and has been 
accepted as fulfillment of the requirement for the degree of Master of Science. The 
members of the Supervisory Committee were as follows: 
 
Che Fauziah Ishak, PhD 
Associate Professor 
Faculty of Agriculture 
Universiti Putra Malaysia 
(Chairman)  
Samsuri Abd Wahid, PhD 
Lecturer 
Faculty of Agriculture 
Universiti Putra Malaysia 
(Member) 
 
 
 
 
 
 
 
 
 
       HASANAH MOHD GHAZALI, PhD 
       Professor and Dean 
       School of Graduate Studies 
       Universiti Putra Malaysia 
 
       Date: 
xv 
 
DECLARATION 
I declare that the thesis is my original work except for quotations and citations which 
have been duly acknowledged. I also declare that it has not been previously, and is not 
concurrently, submitted for any other degree at Universiti Putra Malaysia or at any other 
institutions. 
 
 
 
 
AINI AZURA BINTI ALI  
Date: 
xvi 
 
TABLE OF CONTENT 
 
 
 
 
 
. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DEDICATION 
ABSTRACT 
ABSTRAK 
ACKNOWLEDGEMENTS 
APPROVAL SHEETS 
DECLARATION  
LIST OF TABLES 
LIST OF FIGURES 
LIST OF ABBREVIATIONS 
 
CHAPTER 
1. INTRODUCTION 
2. LITERATURE REVIEW 
2.1 Soils of the Oil Palm Plantations       
2.2 Phosphate Rock Fertilizer Utilization in the Oil Palm Plantations 
2.2.1 Phosphorus Requirement of the in Oil Palm Tree 
2.2.2 Phosphorus Deficiency Symptoms 
2.2.3 Sources of Phosphorus in Oil Palm Plantation 
2.2.4 Agronomic Practices of Phosphate Rock Fertilizer Application 
2.2.5 Dissolution of Phosphate Rock 
2.2.6 Cadmium in Phosphate Rock Fertilizer 
2.2.7 Effect of Long-Term Application of Phosphate Rock Fertilizer  
on Cd Level 
2.3 Cadmium Uptake by Plant 
2.4 Factors Affecting Cadmium Availability in Soils 
2.4.1 pH 
2.4.2 Adsorption 
2.4.3 Soil Constituents 
2.4.3.1    Metal oxides 
2.4.3.2   Organic matter 
2.4.3.3   Clay 
2.4.4 Competitive Adsorption 
2.5 Phase Associated with Heavy Metals 
2.5.1 Sequential Extraction 
2.5.2 Factors Affecting Cadmium Fractions Distribution in the Soil 
2.5.3 Effect of Phosphate Fertilizer on Cadmium Fractionation 
2.6 Effect of Soil Amendment 
2.6.1 Lime 
2.6.2 Organic Matter 
27 
16 
 28 
30 
18 
19 
ii
Page 
iii
vi
x
xx 
xv
xii
xxi
xxv
1
6 
6 
7 
8
8
13 
15
4
4
4 
5 
11
15
17
20 
21 
23 
25 
26
 28 
xvii 
 
. 
2..4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. 
   
METERIALS AND METHODS   
3.1 Sampling Area 
3.2 Sampling of Soil and Plant Parts  
3.3 Site Description 
3.4 Study 1 : Cadmium and Zinc Levels in the Soils and Oil Palm  
Tissues from Long-Term Application of Phosphate Rock  
Fertilizers 
3.4.1 Soil Chemical and Physical Properties 
3.4.2 Cadmium and Zinc Concentrations in Soil 
3.4.3 Cadmium and Zinc Concentrations in Plant Parts 
3.4.4 Statistical Analysis 
3.5 Study 2 : Adsorption Study 
3.5.1 Adsorption Isotherm 
3.5.2 Competitive Adsorption between Cadmium and Zinc 
3.5.3 Adsorption Envelope of Cadmium and Zinc 
3.6 Study 3 : Cadmium, Zinc and Phosphorus Content in Oil  
Palm Seedlings Planted in Soil Fertilized with PR and  
Amended with POME or Lime 
3.6.1 Experimental Set-Up 
3.6.2 Sequential Extraction of Cadmium, Zinc and Phosphorus 
3.6.2.1 Water soluble fraction 
3.6.2.2 Exchangeable fraction 
3.6.2.3 Carbonate fraction 
3.6.2.4 Fe-Mn fraction 
3.6.2.5 Organic fraction 
3.6.2.6 Residual fraction 
3.6.3 Cadmium, Zinc and Phosphorus Content in Plant Parts 
4. RESULTS AND DISCUSSION 
4.1 Study 1 : Cadmium and Zinc Levels in the Soils and Oil  
Palm Tissues from Long-Term Application of Phosphate Rock  
Fertilizers 
 4.1.1 Soil Properties 
  4.1.1.1 pH 
 4.1.1.2 Electrical conductivity 
 4.1.1.3  Organic carbon 
 4.1.1.4  Available Phosphorus 
 4.1.1.5 Cation exchange capacity 
 4.1.1.6 Clay content 
 4.1.1.7 Total Phosphorus 
 4.1.2 Cadmium and Zinc Concentrations in Soil 
  4.1.2.1 Total cadmium 
 4.1.2.2 Total zinc 
4.1.2.3  Available cadmium 
4.1.2.4 Available zinc 
 
 
46 
32 
32 
32 
35 
 
 
36 
37 
37 
38 
39 
39 
40 
42 
42 
46 
49 
50
53 
47 
62
65
66 
68 
63
57 
55 
50
50
60 
71 
73 
46 
45 
44
43 
1
45 
50
xviii 
 
. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
74 4.1.3 Cadmium and Zinc Concentrations in Plant Parts  
4.1.3.1   Cadmium and zinc concentrations in oil palm fronds 74 
4.1.3.2   Cadmium and zinc concentrations in oil palm fruitlets 76 
4.1.4 Correlation Studies 
4.1.4.1 Correlation between cadmium, zinc in soils and  
 soil   properties 
 4.1.4.2  Correlation between cadmium, zinc in soils and  
  cadmium, zinc in plant parts 
4.2 Study 2 : Adsorption Studies 
 4.2.1 Adsorption Isotherms of Cadmium and Zinc 
 4.2.2 Competitive Adsorption between Cadmium and Zinc 
 4.2.3 Adsorption Envelope of Zinc 
 4.2.4 Conclusion 
5. RESULTS AND DISCUSSION 
 5.1 Study 3 : Cadmium, Zinc and Phosphorus Content in Oil 
   Palm Seedlings Planted in Soil Fertilized with PR and  
  Amended with POME or Lime 
 5.1.1    Cadmium and Zinc content in soils, fertilizers and 
             amendment used for glass house study 
  5.1.2  Cadmium, Zinc and Phosphorus Content in Plant Parts 
  5.1.2.1  Cadmium, zinc and phosphorus content in plant 
      parts for Jawa Series amended with POME 
  5.1.2.2  Cadmium, zinc and phosphorus content in plant  
            parts for Jawa Series amended with lime 
5.1.2.3  Cadmium, zinc and phosphorus content in plant parts  
          for Segamat Series amended with POME 
5.1.2.4  Cadmium, zinc and phosphorus content in plant parts  
   for Segamat   Series amended with lime 
 5.1.3 Soil pH in Soils Amended with POME and lime 
  5.1.3.1  Soil pH in Jawa Series 
  5.1.3.2  Soil pH in Segamat Series 
 5.1.4 Cadmium, Zinc and Phosphorus Fractionation Study  
  in Jawa Soil Series 
  5.1.4.1   Jawa Series Amendment with POME 
  5.1.4.2  Jawa Series Amendment with lime 
 5.1.5 Cadmium, Zinc and Phosphorus Fractionation Study in  
  Segamat Soil  Series 
  5.1.5.1  Segamat Series Amendment with POME 
   5.1.5.2  Segamat Series Amendment with lime 
 5.1.6  Correlation Studies 
   5.1.6.1   Correlation between heavy metals and P fractions in 
     soils and soil pH 
 5.1.6.2 Correlation between heavy metals and P fraction in  
  soil with  heavy metals and P content in plant parts 
 5.1.7 Conclusion 
 
 
95 
79 
79
79 
82 
82
88 
91 
93 
95
95 
96
 
96 
98 
101 
103 
105 
105
122 
105 
108 
108 
112
116 
116 
119 
122 
124 
126 
xix 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
130 6. GENERAL CONCLUSION 
REFERENCES 133 
PUBLICATIONS 146 
BIODATA OF STUDENT 148 
   
  
 
   
  
   
  
 
 
   
  
 
 
  
 
  
 
 
 
 
 
